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IMAGE PROJECTION THROUGH GRID
SCANNING OF A MODULATED LIGHT
BEAM USING MIRRORS

RELATED APPLICATIONS

The present application 1s a national stage entry according,
to 35 U.S.C. §371 of PCT application No.: PC1/EP2009/
062325 filed on Sep. 23, 2009, which claims priority from
German application No.: 10 2008 049 4777.1 filed on Sep. 29,
2008.

TECHNICAL FIELD

The mvention relates to a method and a device for project-
ing at least one light beam.

Various embodiments relate to a method and a device for
projecting at least one light beam.

BACKGROUND

In projectors based on what 1s referred to as a “flying spot™
principle of operation, light beams (typically consisting of the
three primary colors red, green and blue) are deflected by
means of a two-dimensional resonant micromirror and pro-
jected onto an 1mage plane.

In a “flying spot” projection, light beams of different colors
¢.g. from laser sources (red R, blue B and green G) are 1n each
case directed onto a semitransparent mirror (transmission and
reflection of the mirrors are dependent on the wavelength)
and then as a common beam (also referred to as a projection
beam) onto a two-dimensional resonant micromirror which
deflects the common beam two-dimensionally and projects 1t
onto an 1mage plane. In the process the 1image 1s built up in the
image plane by means of the continuously harmonically
deflected common beam.

Image information 1s generated and displayed synchro-
nously with the detlection of the micromirror by means of
intensity modulation of the respective light source.

As a result of the movement of the mirror, €.g. by means of
line scan methods or Lissajous methods, and correspondingly
suitable modulation of the laser intensity 1t 1s thus possible to
generate the desired 1image information on the screen. The
mirrors can be embodied e.g. as what are termed MEMS
Mmirrors.

Image jitter effects (e.g. an image running through continu-
ously horizontally or vertically) occur when the actual fre-
quency ol the mirror movement (row or column frequency)
does not correspond to the reference frequency for the mirror
movement set 1n the video electronics. It there 1s a difference
between reference and actual frequency of the mirror, the
maximum mirror deflection 1s not reached. The intensity of
the effect 1s dependent on the production quality of the mir-
rors (manufacturing-induced reference frequency deviation).
Image jitter effects can also occur as aresult of a change in the
ambient conditions (e.g. temperature, air pressure, atmo-
spheric humidity, etc.) (environment-induced reference fre-
quency deviation).

It 1s known that the drive frequency of the fast axis of the
beam deflection system correctively adjusts 1ts mechanical
resonant frequency and 1s used as a time base. The corrective
adjustment of the frequency 1s necessary 1n order to keep the
geometric size of the projected image constant. The time base
causes a trigger signal to be sent to the data processing unit
(DPU), which has a fixed system clock, e.g. after each rever-
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sal of direction of the mirror’s rotational movement in order
to start the intensity modulation of the laser beams along a

TOw.

This method has the disadvantage that 11 the frequency of
the time base 1s changed (e.g. as a result of a thermal driit of
the mechanical resonance), image information at the end of
the row will be truncated or rows will be displayed com-
pressed.

This leads to a reduction in the quality of the projected
1mage.

SUMMARY

Various embodiments may avoid the above-cited disadvan-
tages and provide e.g. an ellicient and improved means of
drift compensation during a projection of a light beam.

Various embodiments provide a method for projecting at
least one light beam wherein a time base (e.g. a clock fre-
quency) of a processor configured to control the at least one
light beam 1s set as a function of a deflection of the atleast one
light beam.

Accordingly a deflection of the at least one light beam may
be used as a trigger and/or as a time base for controlling the at
least one light beam.

The processing unit may include a processor, a controller
and/or a programmable logic array.

According to a development of the mvention the at least
one light beam 1s deflected with the aid of a deflecting pro-
jection device, 1n particular with the aid of a mirror or a
MICromirror.

The deflecting projection device may be 1n particular a
two-dimensional resonant micromirror.

Two one-dimensional mirrors can also be used instead of
the two-dimensional mirror. In particular the two axes can
have resonant frequencies, 1n which case the two axes do not
always have to be driven resonantly. For example, if the slow
axi1s 1s driven quasi-statically, this 1s referred to as a line scan
method. If the two axes are driven resonantly, this 1s equiva-
lent to a Lissajous method.

Another development 1s that the detlection 1s determined
and/or measured with the aid of a mirror unait.

The mirror unit includes 1n particular the deflecting pro-
jection unit (e.g. a mirror), a driver for the deflecting projec-
tion unit, means for measuring and/or analyzing movements
or positions ol the deflecting projection unit, i necessary with
a means for conditioning a measured signal, and a signal
converter.

In particular 1t 1s a development that a deflection of the
deflecting projection unit, in particular a drive frequency of a
fast axis of the deflecting projection device, i1s correctively
adjusted by means of a controller and 1n this way the time base
of the processing unit 1s set.

It 1s also a development that the drive frequency of the fast
axis of the deflecting projection device 1s set by means of a
reference signal, taking into account mechanical properties of
the deflecting projection device.

In particular the reference signal can specily a phase value.

A Tfurther development 1s that a ratio between the drive
frequency of the fast axis and a drive frequency of a slow axis
of the deflecting projection device 1s kept essentially constant
by means of the controller.

Within the scope of an additional development a temporal
modulation of the intensity of the at least one light beam 1s
performed with the aid of the processing unit.

A next development is that the processing unit feeds back
an output signal as a function of the detlection of the at least
one light beam.
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In particular the processing unit can be part of a closed-
loop control system. For example, the processing unit can

provide a voltage-controlled oscillator (VCO) with a digital
signal, an output signal of the voltage-controlled oscillator
being used for setting the time base of the processing unit.

It 1s also possible for the processing unit to be independent
ol the closed-loop control system—in particular not to be part
of the control loop of the closed-loop control system—and to
be controlled only via the deflection of the at least one light
beam. This control function can be effected e.g. using a value
determined by the voltage-controlled oscillator.

The processing umit may include e.g. a DLL element for
converting an input signal into an adjusted time base or clock
frequency.

According to one embodiment the at least one light beam 1s
composed of at least one light source.

In particular the at least one light source may include at
least one laser, 1in particular at least one laser diode. The light
beam may be composed e.g. of a red, a blue and one or two
green lasers.

According to an alternative embodiment the at least one
light beam 1s projected by means of a flying-spot method.
In particular a line scan method and/or a Lissajous method
may be used.

The above-stated object 1s also achieved by means of a
device for projecting at least one light beam, said device
including a processor umt and/or a hardwired circuit arrange-
ment and/or a freely programmable logic array which 1s con-
figured 1n such a way that the herein-described method can be
performed.

The above-stated object 1s also achieved by means of a
device for projecting at least one light beam, the device

including a processing unit for controlling the at least one

light beam,

including a unit for determining a deflection of the at least

one light beam,

wherein a time base of the processing unit can be set as a

function of the detlection of the at least one light beam.

According to an embodiment the umit for determining the
deflection of the at least one light beam keeps the deflection of
the at least one light beam essentially constant by means of a
controller.

In particular the controller may drive a voltage-controlled
oscillator which 1s connected to the processing unit and pro-
vides the latter with a voltage as a function of the deflection of
the at least one light beam. A DLL element of the processing,
unit scales the time base of the processing unit in accordance
with the signal provided by the voltage-controlled oscillator.

According to a next embodiment the components of the
device are implemented at least i part as discrete compo-
nents and/or are embodied at least 1n part as an 1ntegrated
solution.

According to another embodiment a communication with
the processing unit and a further processing unit s effected by
means of a ring buffer and/or by means of a dual-port RAM.

A decoupling of different time bases or clock rates 1s
advantageously possible by this means.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, like reference characters generally refer to
the same parts throughout the different views. The drawings
are not necessarily to scale, emphasis instead generally being
placed upon illustrating the principles of the invention. In the
tollowing description, various embodiments of the invention
are described with reference to the following drawings, 1n

which:
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FIG. 11s a block diagram of a circuit for controlling a clock
of a processing unit (DPU) as a function of a deflection of at
least one light beam;

FIG. 2 1s a block diagram of a circuit for controlling a clock
ol a processing unit (DPU) as a function of a detlection of at
least one light beam, wherein 1n contrast to FIG. 1 the pro-
cessing unit 1s integrated into the closed-loop control system;

FIG. 3 shows signal waveforms of the control according to
FIG. 2 as a function of a clock having a clock time T;

FIG. 4 15 a block diagram for illustrating an asynchronous
data communication by means of a ring bufler or a dual-port

RAM.

DETAILED DESCRIPTION

The following detailed description refers to the accompa-
nying drawings that show, by way of illustration, specific
details and embodiments 1n which the invention may be prac-
ticed.

With the present approach a drive frequency of a fast axis of
the beam deflection system can correctively adjust its
mechanical resonant frequency and be used as a time base.

In addition control electronics 1s provided with the aid of
which a ratio between a time base or clock frequency of a
processor unit (also designated as “DPU”") and the time base
1s kept constant.

The processor unit may include a processor or a program-
mable logic array.

In addition the ratio of the drive frequencies of slow (e.g.
quasi-static drive) and fast axis can be kept constant. With the
approach described here, the 1image impression (resolution
capacity) remains essentially unchanged even with changing
or mnitially different frequencies of the fast axis. In this respect
in particular no disruptions or distortions are perceivable by
the user.

The temporal modulation of the laser intensity 1s adjusted
to the movement of the mirror 1n order to ensure the most
distortion-iree 1image display possible and 1n order to avoid
image jitter effects. For this purpose the time base or clock
frequency of the DPU 1s correctively adjusted.

FIG. 1 shows a block diagram of a circuit for controlling a
DPU clock.

A voltage-controlled oscillator VCO 101 provides at 1ts
output a signal Ul which 1s connected to an input of a refer-

ence system REF 104, to an mput of a mirror unit MIRROR
105 and to an mput of a DLL element 103 of a DPU 102.

At the output of the mirror unit MIRROR 105 a signal U2
1s supplied to an adder unit 107 of a controller REG 106. At
the output of the reference system REF 104 a signal U3 with
negative sign 1s supplied to the adder unit 107.

The controller REG 106 also includes an integrator 108
which 1s connected to the output of the adder unit 107. The
output of the integrator 108 1s connected to the nput of the
VCO 101.

The light source, e.g. laser, 1s driven by means of the DPU
102. In particular the DLL element multiplies the signal Ul
and 1n this way determines the clock base for the laser.

The time base or clock frequency of the DPU 102 1s con-
trolled via a closed-loop control system that 1s independent of
the DPU 102.

After being switched on the VCO 101 runs at its funda-
mental frequency 1=10 because no signal U, 1s present at 1ts
input. The VCO 101 supplies the output signal U1(11) which
1s converted 1n the mirror unit MIRROR 105 1nto a suitable
drive signal for the fast mirror axis. The movement of the
mirror 1s measured and provided as the signal U2(11).
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The reterence system REF 104 supplies a delayed (phase-
shifted) signal U3(11). The signals U3 and U2 are subtracted
by means of the adder unit 107 and their phasing 1s compared
in the controller REG 106. The controller REG 106 generates
theretfrom the signal U, which 1s routed to the input of the
VCO 101.

If the signal Uy 1s not equal to zero, the corrective adjust-
ment of the mirror frequency (fast axis) 1s active. The DPU
clock frequency 12 1s generated via the signal Ul routed to the
DLL element 103. Thus, the ratio of 12/11 1s essentially con-
stant and the fast axis of the mirror is accordingly in a resonant
mode of operation.

The frequency 11 of the signal U1 corresponds to the move-
ment frequency of the fast axis of the mirror system and
ranges between 15 kHz and 50 kHz. The bandwidth of the
as-manufactured distribution of a mirror type usually lies 1n
the range of +/-1-2%, and the clock rate of a DPU typically
lies 1n the range of 10 MHz to 400 MHz. From this, an
as-manufactured distribution of 29.4 kHz to 30.6 kHz 1s cal-
culated e.g. for a mirror type with a targeted fundamental
frequency of 30 kHz. At a typical clock rate of 180 MHz this
means that the ratio of 12/11 1s constant=6000. The variation
in the clock rate consequently lies 1n a frequency band of 176
MHz to 184 MHz.

Individual blocks shown 1n FIG. 1 are described 1n more
detail below:

VCO 101:
The VCO 101 generates a clock 11 which 1s dependent on
the input signal U:

J1=0+kpco U,

where k.-, 1s a constant of the VCO 101.

The signal U, can also be negative, such that the clock 10
represents an average frequency. The VCO supplies an
output signal U1(11).

Mirror Unit MIRROR 105:

The mirror unit MIRROR 105 1includes 1n particular a
mirror, a mirror driver, means for measuring and/or ana-

lyzing mirror values or mirror movements (feedback of

the mirror), 1f necessary with a means for conditioning
the measured signal, and a signal converter.

The mirror can be driven inductively, capacitively, piezo-
resistively or electromechanically. By analyzing a
capacitive, inductive, optical or electromechanical mea-
sured variable the measurement system (mirror feed-
back) can supply a signal which allows deductions to be
made about the movement of the mirror. The signal
conditioning effects an additional level adjustment and
noise filtering of the measured signal.

The mirror unit MIRROR 1035 supplies the output signal
U2(11).

Reference System REF 104:

The reference system REF 104 enables a phase shiit of the
input signal U(11) by a selectable phase value.

The phase value to be set 1s dependent on mechanical
properties of the mirror and typically lies at approx. 90°.
The reference system REF 104 supplies an output signal
U3(11).

DPU 102:

The DPU 102 can process incoming video data and pass on
modulation signals to the laser driver(s) 1n accordance
with a predefined/implemented algorithm which 1s opti-
mized in particular in terms of a predefined ratio
between DPU clock frequency and frequency of the fast
mirror axis.
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DLL Element 103:

The DLL element 103 1s preferably integrated in the DPU
102 and scales the clock frequency output by the VCO
101 according to the specified ratio between the two
clocks.

Controller REG 106:

The function of the controller REG 106 1s to compare the
input signals U2 and U3 in terms of their phase position
and, depending on the deviation, to generate a suitable
signal (the control voltage 1n the form of the signal U,).

In the scenario presented here by way of example, the
signals U3 and U2 are subtracted and a downstream
integrator 108 determines a measure for the deviation of
the phase position and provides this in the form of the
signal U, which 1s routed to the mput of the VCO 101.

In particular the following embodiments or variations are
possible:

(1) The arrangement according to FIG. 1 can be built from
discrete components, including the DPU 102, the VCO
101, the controller REG 106, the mirror unit MIRROR 105
(in particular with mirror driver and/or measuring arrange-
ment) and the reference system REF 104.

(2) The arrangement according to FIG. 1 may be imple-
mented as an integrated solution, e.g. 1 the form of an
integrated electronic single-chip solution in combination
with the mirror.

(3) The arrangement according to FIG. 1 includes semicon-
ductor elements and may be implemented as an integrated
structure including e.g. the VCO 101, the controller REG
106, the mirror unit MIRROR 105 (or parts of the same)
and the reference system REF 104.

(4) In addition, 1n the arrangement according to FIG. 1, a
frequency ratio of fast axis to slow axis can be kept con-
stant.

As a further embodiment FI1G. 2 shows a block diagram of
the DPU clock control arrangement, wherein 1n contrast to
FIG. 1 a DPU 1s integrated into the closed-loop control sys-
tem.

Thus, FIG. 2 shows a VCO 201 which at 1ts output provides
a signal Ul which 1s connected to an input of a reference
system REF 204, to an input of a mirror unit MIRROR 205,
and to an input of a DLL element 203 of a DPU 202.

At the output of the mirror unit MIRROR 205 a signal U2
1s supplied to an adder unit 207 of a controller REG 206. At
the output of the reference system REF 204 a signal U3 with
negative sign 1s supplied to the adder unit 207.

The controller REG 206 additionally includes an integrator
208 which 1s connected to the output of the adder unit 207.
The output of the integrator 208 1s connected to a first input of
a comparator 210 (which 1s also provided 1n the controller
REG 206) at the second 1input of which a reference value 211
1s present. The output of the comparator 210 1s connected to
the DPU 202.

The DPU 202 has an output which 1s connected to the
integrator 208 and 1s used for resetting the integrator 208
(“Reset”).

In addition an output of the DPU 202 i1s connected to a
quantizer unit 209. The quantizer unit 209 includes 1n par-
ticular a digital/analog converter for converting an n-bit sig-
nal of the DPU 202 into an analog signal U,

Thus, the circuit according to FIG. 2 differs from the circuit

according to FIG. 1 1n particular in that the output of the
controller REG 206 1s not routed directly to the VCO 201, but

1s relayed via the DPU 202.

The DPU 202 performs a reset of the integrator 208 1n
particular after a rising edge of the input signals U2 and U3.
It the difference between U3 and U2 represents a positive
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deviation, the controller REG 206 supplies logic “1” as output
signal to the DPU 202, otherwise logic “0”.

The output signal of the controller REG 206 may also turn
out mnverted, depending on an implementation of a control
algorithm.

For example, an implementation may be embodied such
that logic “0” at the output of the controller REG 206 causes
an icrease 1n frequency, in other words an increase in the
signal U,. For this purpose an increased digital value n1s sent
to the quantizer unit 209 by the DPU 202. The quantizer unit
209 converts the digital value into an analog signal U,, which
has a higher value than the previous value of the signal U,

Similarly, logic *“1” at the output of the controller REG 206
leads to a signal U, with reduced value.

FIG. 3 shows signal wavetorms of the control arrangement
according to FIG. 2 as a function of a clock having a clock
time T. A graph 301 shows by way of example a signal at the
output of the comparator 210, a graph 302 an associated
signal at the input of the quantizer unit 209, and a graph 303
a corresponding signal U1 at the output of the VCO 201.

With regard to possible embodiments or variations, the
remarks made above with reference to FIG. 1 apply analo-
gously. In addition the quantizer unit 209 and/or the compara-
tor 210 can be implemented accordingly as discrete elements
and/or as an 1integrated element.

Communication of the DPU

With regard to a communication of the DPU with further
modules 1t 1s necessary to take into account in certain cases
that an asynchronous data communication may be required in
order to decouple the different clock bases.

FI1G. 4 shows a block diagram for 1llustrating an asynchro-
nous data communication by means of a ring builer or a
dual-port RAM.

For example, FI1G. 4 shows an imaging unit 401 which has
a clock base A at a level of 60 Hz. A displaying unit 402 has
a clock base B at a level of 55 Hz. Arranged between the
imaging unit 401 and the displaying unit 402 1s a dual-port
RAM 403. The dual-port RAM 403 comprises two ports A
and B having separate address and data bus systems, wherein
both ports can access the same memory area.

The dual-port RAM 403 1s provided with a clock signal
“Clk A”, an address signal “Addr A”, and a read/write signal
“W/R A” by the imaging unit 401. In addition data “Data A”
1s exchanged between the dual-port RAM 403 and the imag-
ing unit 401. The dual-port RAM 403 1s provided with a clock
signal “Clk B, an address signal “Addr B”, and a read/write
signal “W/R B” by the displaying umt 402. In addition data
“Data B” 1s exchanged between the dual-port RAM 403 and
the displaying unit 402.

Each port A and/or B enables data to be read from the
memory and data to be written to the memory via different
control signals. Owing to the separate clock inputs data may
be written and/or read at different speeds at the two ports. For
example, while the image data required for display purposes
1s read out at port B, new image data may already be written
into the memory via the second address bus at port A.
Further Advantages

The approach presented here enables manufacturing-re-
lated tolerances of the mirror frequency and environment-
related changes 1n the mirror frequency to be compensated.
Said compensation 1s independent of an 1mage-generating
algorithm, 1n particular the 1mage-generating algorithm 1s
independent of the mirror frequency.

Furthermore, the proposed solution enables the image
resolution to be increased and image jitter effects to be
avolded or reduced.
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A smaller and/or low-cost implementation and/or design of
the data processing unit 1s also made possible.

A further advantage 1s the reduced power consumption of
the data processing unit.

An increase 1 mirror production yield and projector pro-
duction yield 1s achieved as a result of the proposed compen-
sation.

Overall, a scattering of the image quality referred to a total
volume of projectors can be reduced.

While the mvention has been particularly shown and
described with reference to specific embodiments, 1t should
be understood by those skilled in the art that various changes
in form and detail may be made therein without departing
from the spirit and scope of the mvention as defined by the
appended claims. The scope of the invention 1s thus indicated
by the appended claims and all changes which come within
the meaning and range of equivalency of the claims are there-
fore intended to be embraced.

LIST OF REFERENCE SIGNS

101 VCO (Voltage-Controlled Oscillator)

102 DPU (Data Processing Unit, processing unit)

103 DLL (Delay-Locked Loop) element

104 Reference system REF

105 Mirror unit MIRROR

106 Controller REG

107 Adder unit (summation element)

108 Integrator

201 VCO (Voltage-Controlled Oscillator)

202 DPU (Data Processing Unit)

203 DLL (Delay-Locked Loop) element

204 Retference system REF

205 Mirror unit MIRROR

206 Controller REG

207 Adder unit (summation element)

208 Integrator

209 Quantizer unit (comprising e.g. digital/analog converter)
210 Comparator

211 Reference value

301 Graph: signal at the output of the comparator 210
302 Graph: signal at the mput of the quantizer unit 209
303 Graph: signal Ul at the output of the VCO 201
401 Imaging unit

402 Displaying unit

403 Dual-port RAM

The invention claimed 1s:

1. A method for projecting at least one light beam, the
method comprising: providing at least one light beam; and
temporally modulating the intensity of the at least one light
beam with the aid of a processor; detlecting the at least one
light beam with the aid of a deflecting projection structure;
wherein the detlection 1s at least one of determined and mea-
sured with the aid of a mirror structure; and setting a time base
ol a processor configured to control the at least one light beam
as a function of a detlection of the at least one light beam.

2. The method as claimed 1n claim 1,

wherein a deflection of the deflecting projection structure

1s correctively adjusted by means of a controller and 1n
this way the time base of the processor 1s set.

3. The method as claimed in claim 2,

wherein a drive frequency of a fast axis of the deflecting

projection structure 1s correctively adjusted by means of
a controller and 1n this way the time base of the processor
1s set.



US 8,684,538 B2
9 10

4. The method as claimed 1n claim 3, array being configured to carry out a method for projecting at
wherein the drive frequency of the fast axis of the deflect- least one light beam, the method comprising: providing at
ing projection structure is set by means of a reterence least one light beam; and temporally modulating the intensity
signal, taking 1nto account mechanical properties of the of the at least one light beam with the aid of a processor;
detlecting projection structure. 5 deflecting the at least one light beam with the aid of a deflect-
5. The method as claimed in claim 3, ing projection structure; wherein the deflection 1s at least one

wherein a ratio between the drive frequency of the fast axis
and a drive frequency of a slow axis of the deflecting
projection structure 1s kept essentially constant by
means of the controller.
6. The method as claimed 1n claim 1,
wherein the processor feeds back an output signal as a
function of the detlection of the at least one light beam.
7. The method as claimed 1n claim 1,
wherein the at least one light beam 1s composed of at least 15
one light source.
8. The method as claimed 1n claim 1,
wherein the at least one light beam 1s projected by means of
a flying-spot method.
9. The method as claimed 1n claim 1, 20
wherein the at least one light beam 1s detlected with the aid
of a mirror or a micromirror.
10. A device for projecting at least one light beam, the
device comprising: at least one of a processor unit; a hard-
wired circuit arrangement; and a freely programmable logic I I

of determined and measured with the aid of a mirror structure;
and setting a time base of a processor configured to control the
at least one light beam as a function of a deflection of the at

' teast one light beam.

11. The device as claimed 1n claim 10,

wherein the structure 1s configured to determine the detlec-
tion of the at least one light beam 1s further configured to
keep the deflection of the at least one light beam essen-
tially constant by means of a controller.

12. The device as claimed 1n claim 10,

the components of which are implemented at least one of at
least i part as discrete components and at least in part as
an 1tegrated solution.

13. The device as claimed 1n claim 10,

wherein a communication with the processor and a further

processor 1s elfected at least one of by means of a ring
butfer and by means of a dual-port RAM.
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